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Abstract: The measurement of infrared spectra of tactical aircraft has been a
mainstay in providing signatures for both analysis and simulation to missile seeker
designers for many years. Whereas many modern air vehicles have seen their
intrinsic infrared signatures reduced over time, the variation in atmospheric
backgrounds remains a natural phenomenon which has placed limitations on both
operational characteristics of field measurement and the accuracy with which weak
targets may be characterized. This paper presents a heuristic method for reducing
errors introduced by natural variations in backgrounds in spectral background
subtraction. The motivation behind the new technique is discussed as well as the
theoretical development of the new technique to reduce spectral background
induced errors. An example showing measurements of a small model aircraft are
presented with both corrected and uncorrected results. These results are contrasted
with apriori expectations of the aircraft signature to provide specific instances when
uncorrected background induced errors can limit the measurement accuracy of
weak or suppressed air vehicles.



INTRODUCTION

The application of Fourier Transform Spectroscopy ( FTS) for making field measurements of
infrared sources has been commonplace for over thirty years. The merits of FTS instrumentation are well
documented [1], and both custom-made and commercia systems have been available for sometime.
Applications of FTS technology are as diverse as the characterization of air pollution [2], smoke stack
effluents [3-4], and military target signature characterization for missile seeker development [5]. Common to
all these applicationsis the need to estimate the apparent ( through the intervening atmosphere ) source
spectrum, or the apparent source spectral contrast between source and background. The latter is often
desired when measurements are to be used in the analysis of missile seekers which employ target to
background contrast rather than target intensity alone.

In the past, targets such as military aircraft have possessed higher signatures (measured in units of
radiant intensity) than any natural background, so that errorsin background subtraction were insignificant
relative to the target strength. Today, as military targets have becomerelatively lower in intensity,
background subtraction errors have become amajor concern. Thisistrue also in remote sensing studies
where for example, increased sensitivity in chemical detection is sought causing fluctuationsin
backgrounds to often be the limiting feature of the technique[6-7]. Several techniques exist for minimizing
background noise contribution. FTS instruments can be converted to imaging spectrometers so that only
pixels on the target are counted in the overall interferometer signal. This certainly reduces the background
contribution, but can introduce other problems such as system complexity and cost, increased signal
processing burden, and require more complex calibration procedures. Another method for reducing
background variationsis to carefully choose measurement locations and methodologies so that background
variations are minimized. Thisis often impractical due to operational constraints. It istherefore important to
devel op techniques for minimizing background subtraction errors from conventional single field of view
(FOV) FTSinstruments under conditions significantly general that they may continue to be employed in
field measurements.

FTS SPECTRAL CONTRAST MEASUREMENTS

Figure 1 illustrates two typical measurement scenarios. We consider two limiting extremesin our
discussion; one for an optically opague target such as an aircraft, the other for an optically thin target such
asalow density plume. In actuality, nearly all targets fall somewhere between these limits, aircraft have
plumes which are not strictly optically thin, and larger plumes such as smokestacks are not formally optically
thin but rather interact with the background radiation propagating through them. The division of opacity
into optically thin and optically thick approximations does serve to provide useful insight into the
background subtraction problem. We also make the approximation that the radiative transfer equations may
be approximated as the integral of a source times atransmission, integrated over wavelength plus any path
radiance contribution generated by the atmosphere between the observer and source [8-9].



unclassified
Background Subtraction
Optically Thick

) — .
. Mo

' 2
¥

Optically Thin

Figure 1

4 17 1T An HAE  EeE  ICO03 1TeR 1R1T 15 1R 1039 194%
L =i L L e S L = Y | T

a
%

4AE | LT BT LT ___‘:{\\ @i
=% =3 . =

W . =
AR <N

aw I { ((fes _’-;'.--‘;_ . I_- ) -\\_quf:é.\ ..% l; e

. ?:_:,J iy ..] pit ¥ .:':':,. "-‘_%.\1:\‘ 7
B in,"li'::' |

- g __I_F'H'
L%
=
A E,
%"a—l\ e
R e ok
R e
R
5
e
(R ) I S I S B
[ - &
A
i B3

=t

ol

T IR T T PO T T A N O
GBS LT 2T LA EEF  WAE HU3 B0 GRCY ‘eT4 13T [TEG 1944

Fioure 2 unclassified




Consider the optically thick case of Figure 1, the target signature is( working in engineering units
of wavelength rather than spectroscopic units of wavenumber ) shownin M,

(1) Sil) = C\)T(I X,Y) S(x,y) dxdy + C‘)Bt(l X,Y) S(x,y) dxdy =T(l )+R(I )+B:(l )
al a2

where T isthe target spectrum passed through the atmosphere and convolved with the spectrometer
instrument line shape (ILS). S(I) also includes the path radiance R;, from the observer to the target spatially
over the target area, aterm which includes atmosphere self emission and scattered radiation. B, is the
background around the target. Background radiation behind the target is occluded by the target since the
target is considered optically thick or opaque. Sistheinstrument spatial field of view function. An example
of an actua field of view for aFTSisshownin Figure 2. It isthe variable response as shown in Figure 2
rather than an idealized top-hat spatial response which makes conversion of data calibrated inirradiance into
radiance and vice versadifficult. Using conventional radiometry [ 10 ], target radiant intensity | in W/s is
related to theirradiance E in W/cn and range R in cm via the equation

(2) |1=R°E

which assumesthetarget is at great enough range that it may be approximated as a point source. The
radiance L in W/cni-sr isrelated to theirradiance by the relation

(3) E=WL

where Wis the source angular subtense. When the radiance of a background is being considered, the
angular subtense isthe instrument field of view, afunction which is difficult to characterized accurately. For
this reason spectral calibrations for bothirradiance and radiance are often required if bothirradiance

(or radiant intensity) and radiance are desired. Since discussions here are independent of calibration type,
we will not address whether the spectrum are inirradiance or radiance units.

The background M, in Figure 1 is similar to equation (1)

(4) B(1) = 0B xy) S(xy) dxdy +OBa(l ,xy) S(ky) dxdy = By(l ) + Ba(l )
al a2

The spectral contrast function is then often defined as

(5) S )=S()-B(l ) =T )*+R(l }+B(1 ) - Ba(l) - BaAl).

If the background is homogenous such that Byl ) = B,(l ), then the spectral contrast function (5) isthe
difference between the apparent target plus the path radiance and the background it occludes. Since the
path radiance from the observer to the target isin both contributions, it cancels, leaving the target spectrum
minus the background contribution from target toinfinity . In the case of optically thin targets, thereis
essentially no al and an analogous equation to (5) may be written. In this case, the target is superimposed
on the background so that for homogenous backgrounds the entire background over the FOV is both
measured and subtracted. Thus for optically thin targets, the spectral contrast is just the apparent source
spectrum.



(6) (1 )=5(1)-B()=T().

The chief problem which we face, isthat the two backgrounds are never exactly the same. Thisproblemis
exacerbated by the fact that targets are typically small (we will discuss optically thick targetsin the
remainder of this paper, the discussion is equally pertinent to optically thin targets since their integrated
signature istypically considerably less than the corresponding background ), thus resulting in aweak signal
superimposed on alarge background contribution. This can create asituation of large error when
backgrounds do not subtract exactly, the resulting error term can dominate the target signature.

Before we proceed further with our discussion of reducing background subtraction errors, we must
briefly discuss an alternate form for equation (5). The spectral contrast function is sometimes defined as

() &()=T()- Boll ),

the difference between the apparent target spectrum and the background behind the target wherein this
case the path contribution from observer to target isin the background term only. In this case, an estimate
of the path radiance P(l) contribution is usually required sinceis does not cancel and must be accounted
for separately. It is often assumed that P(l ) is proportional to the background so that forming the difference

8) &(l )=5(1)-aB()

would provide an estimate of this spectral contrast function. The parameter a isfound in avariety of ways,
one common approach isto consider the difference shown in equation (8) for avariety of a’s. By looking in
astrong atmospheric absorption window such as the CO, absorption window around 4.3 m it can be
assumed that any resulting spectral energy isaresult of the path radiance. Then the parameter a can be
adjusted to just cancel all contributionsin this spectral region and make the resulting spectral contrast equal
to the background. This process also has spectral background subtraction errorsinit; the differences of the
target and background spectra, and the assumption that the path radiance to the target is proportional to the
background spectrum. Depending on the range to the target and the spectral band, this assumption is more
or lessvalid. Figure 3 shows atypical measured background, while Figure 4 displays the path radiance
calculated with Lowtran7 [ 11] for atarget 3.5 km away under similar conditions . As can be seen from
Figures 3 and 4, the assumption that the path radiance to the target is proportional to the background has
validity.
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Figure 5 presents a visible image of atypical measurement scenario of an aircraft. In cases of hover and
flyby, theideal situation is achieved when a measurement is made of the target plus background, followed
by removing the target from the background and measurement of the background alone. In this case, the
subtraction errors are caused by the temporal background change over the measurement times, typically a
few minutes, and the difference of the occluded background from the rest of the background and the target.
However, for avariety of reasons, it is usually impractical to attempt such ameasurement. In flyby



measurements, it is difficult to return to the same position in the sky where the initial measurement was made
since the spectrometer istypically tracking the target; in hoversthere is usually not enough time for the
target to fly away from the position where measurements were made and return afew minutes later to be
repositioned. For these reasons, background measurements are typically made as close to the target as
possible, in regions of background similar to where measurements were made as shown in Figure 5. Asan
example of the variationsin sky background, consider Figures 6-7. Figure 6 shows the variationsin
background for two locations 30 degrees apart in azimuth at 2 degrees elevation. Figure 7 displaysthe
differencefor a 2.5 degree elevation change from 2 to 4.5 degrees. Shown on both figuresis an indication of
the variation in one location which is calculated as the average of the differences of spectraat each azimuth
and elevation over aperiod of several minutes. Notice that the spatial variation is considerably greater than
the temporal variation over the time period of typical measurements. Central to our concept of reducing
background variation, is that background variation can be modeled for a given measurement scenario. This
isclearly true for blue sky for any likely atmosphere with the variation much like that shown in Figures 6-7. It
is beyond the scope of this articleto provide details of this assumption, rather the degree to which it may be
extended to non-homogenous atmospheres ( such as instances when targets fly through cloud edges or
terrain appears in the background ) and other spectral bands, can be estimated from reference 12. Itislikely
that in application to non-homogeneous backgrounds, one background prototype might be employed to
represent blue sky variation while another would be employed to represent cloud-blue sky or terrain-blue
sky variation. In the event asingle prototype could not represent background variations, some prior
knowledge of the type of background variation for a given measurement must be available ( such as off
video tape of the measurement process) or the error reduction could be applied for each background
prototype and the correct choice based on the error metrics described below. In order to simplify our
discussion, we will assume a single background variation prototype can be employed, thisin noway is
meant to imply that application of more than a single background noise prototype is possible.
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Technique For Minimizing Background Subtraction Errors and Estimating
Target and Contrast Functions

The technique we propose is intended to minimize background subtraction errors in spectral
contrast functions, and, provide estimates of the target spectrum alone ( we specifically discuss apparent
values, i.e. as passed through the atmosphere ). The process makes several assumptions. It first assumes
that the path radiance ( although we describe these contributions as radiance by convention, we assume all
units have been converted to radiant intensity in the remainder of this paper, other units follow similarly)
from the observer to the target can be measured or otherwise estimated ( or for many practical applications,
assumed small enough to be neglected and set to zero). It isalso assumed that within the spectral
measurement range, there exists an atmospheric absorption band intense enough that no target energy
reaches the observer within this band. In this case, we may approximate the radiation in this band as path
radiance from observer to target only. These two assumptions place limits on both range and spectral
bands. For the applications envisioned here, the 2-12 mband, thisrestricts the range to greater than
approximately 0.2-0.3 km in normal atmospheres since the CO, band at 4.2mis a strong absorber. We also
assume that some model! is available for the spectral shape of the background variations, not the intensity,
but the relative weights of the background variations within the measurement spectral interval. Aswe have
seen the relative weighing of the background variations has a similar shape under different circumstances
although the intensity can vary considerably. Under these assumptions, the mechanism for reducing
measured target and background spectra can be broken down to afive step process.

Thefirst step isto estimate the amount of the FOV which is occluded by the target. As stated
previously, thisis simply done by considering a strong atmospheric absorption band and assuming we may
estimate the components of the spectrum reaching the observer. The simplest assumption is that no target
energy reaches the observer and any energy within the band is the result of path radiance between the
observer and the target. While path radiance from observer to target is difficult to measure, it can be
estimated from atmospheric transmission codes [13-14], particularly if knowledge of the lower atmosphere
meteorology is available. In our application of measuring military aircraft at arange of 1-5 km, we typically
make the simplest assumption that path radiance can be neglected. This makes the differencein path
radiance definitions ( equations 5 and 7 ) unimportant. In applications where path radiance contributions
must be taken into account, they may be estimated from atmospheric radiation codes. The degree of
obstruction isimportant in estimating the target not the contrast as we shall see. Thusthe effective degree
of obstruction isgiven by

A0)d - R
O A Zna

where the integration is over the absorption band chosen, and R, is the estimated path radiance
contribution. In our application we have chosen the 4.195 to 4.296 m CO, absorption band. Examination of
equations 1 and 4 reveals that thisis simply theratio of what is perceived as the background contribution in
the target measurement ( minus the estimated path radiance contribution), to the total background. It must
be remembered that thereistypically differences between the background in the target measurement and
that in the background measurement. Although equation 9 assumes the degree of obstruction istheratio of
the two backgrounds, differences between these necessarily introduce errors in the estimation of A. It has
been found that for typical backgrounds A can often be estimated to better than 5 percent whichis
adequate for our purposes.

The second step isto form a prototype for the background noise or variation, which may be
present in the measurement. It is not important to estimate the strength of the variation, only the overall
spectral shape. This may be obtained from models, past measurements, or by considering variationin
background measurements taken at times and | ocations near the measurement of interest. All three
techniques have been used successfully, perhaps the most direct method isto simply consider several
measured backgrounds taken near the measurement of interest and average their differences. The method



chosen usually depends on what information is available. We remark again that this prototype only
estimates the relative spectral shape of the background variation, we estimate its strength in a separate step.

The processing follows by first establishing a prototype background which is the measured
background corrected for variation between itself and the background in the target measurement. The
variation is assumed proportional to the spectral prototype.

(10) B,=B-gP

where B is the measured background as described by equation 4, P isthe spectral prototype, B, isthe
corrected prototype background, and, gis a strength factor ( as yet undetermined ) which describes the
strength of the background noise or degree of background variation between the background contained in
the target measurement and the background measurement. From this corrected background we form a
corrected target prototype

(12) To=S-BA

where T, isthe corrected target prototype, S; the measured target plus background spectrum described by
equation 1, and B, is corrected background prototype described by eguation 10. The corrected prototype
spectral contrast function isthen defined as

(12) Sp<::S('Bp

where S, isthe corrected prototype spectral contrast function and S; and By, are as defined previously.
Recall that in our applications, path radiance from observer to target is neglected making the distinction
between equations 5 and 7 unnecessary. Applications where it must be considered for which the definition
of spectral contrast was either equation 5 or 7 would have prototype reconstruction which follow
accordingly.

This simple reconstruction provides both corrected target and contrast estimates from the target
and background measurements, estimates of the target obstruction, and an estimate of the spectral shape of
the background variation. It is observed that the entire reconstruction process is dependent on obtaining an
accurate estimate of the parameter g the strength of the background noise. This parameter can be estimated
by forming the normalized inner product between the corrected prototype target and background variation
prototype.

+ Ae- AgP]Pdl
+Ae- Ag Qi

(13) e=

Thejustification for this choice of metricis discussed in appendix A. It sufficesto remark here, that
the actual error between the actual target and the corrected spectral prototypeisabroad flat function of the
parameter g The point where the mean square error ( squared difference between the estimated target and
actual ,or, alternatively between the background variation the product of gand the background noise

e
prototype function) obtainsit’s minimum is close to the point where 1111— = 0. Acceptable performance has

been found by simply biasing gby a small amount from that point.

Examples



A set of synthetic datawas prepared to study the effectiveness of the error reduction procedure
described above. A measured aircraft target T, and background B, were employed together with measured
background variations N1 and N2, to prepare simulated measured quantities viathe equations

(14) M =sT+B(1- a)
(15) Bkg=B+bN2

_ N1+N2
(16) P=——

Here M isthe measured spectrum with the target in the FOV, Bkg is the measured background with
background variation, and, P is the spectral prototype of the background variation. Note that the
background noise prototypeis similar to the actual background noise used (N2), but isnot identical. The
two measured background variations were averaged to obtain a background noise prototype so that 50% of
the prototype is representative of the actual background noise, the other half isdifferent. Thisisfelttobea
realistic representation of the degree of similarity one could expect between the actual background variation
(recall these are spectral shapes only, absolute intensity isnot required in the prototype, thisistaken care
of by the parameter g) and the spectral prototype. The parameter a represents the size of the target, thatis,
the percent of the FOV that the target obscures, while b represents the overall strength of the background
noise. Note that using the equations above the actual target spectrumisgiven by

(17) Act=M- (1- a)B

Figure 8 displays M and Bkg for one set of parameters, while figure 9 shows the mean square
spectral error between the estimated target ( equation 11 ) and the actual target ( equation 17 ) asafunction

e
of g Shown also isthe curve :TT— The choicefor gin this example was found to be 1.3 (the curve crosses

zero at 1.8 and is biased left by 0.5, see appendix A). Figure 10 shows the estimated target spectrum together
with the actual, while figure 11 presents the estimated spectral contrast function developed viaequation 12,
the actual spectral contrast function, and the conventional spectral contrast function as given by equation 5
( M-Bkg).

Asyet, we have only considered synthetic data, that is, data synthesized from real measured
targets and backgrounds. In such a case we know the answer, but we would also like to contrast the
technique with the normal uncorrected method in areal field measurement. A small model aircraft was
measured in early summer in adesert atmosphere. Range was nominally .5km, elevation was nominally 20
degrees. Weather at the beginning of the test was blue sky with some clouds, approximately 1 hour later at
the conclusion of the test, rain was beginning to fall. A background prototype was formed by measuring
backgrounds over a patch of sky where measurements were made, approximately 15 degrees in azimuth and
elevation, and averaging the differences. Based on aprori knowledge of the target, a simple model was
constructed of the integrated target spectral intensity ( W/sr) over the spectral band from3.8 to 4.7 microns.
The background employed for any given target pass was one taken as close in time as the measurement
while being in the approximate measurement direction. The target made many passes over aspot .5kmin
front of the spectrometer at different headings and hence different aspect angles. The spectrometer tracked
the target for approximately ten seconds taking twenty interferograms. Theinterferogram closest to the
crossover point was chosen. A background for that run was usually taken next. It was often impossible to
follow the sametrajectory as the target run since it was unknown at that time. The backgrounds were taken
when the target turned around for the next run which did not allow review of whichinterferogram was
closest to crossover. For thisreason, backgrounds were not always measured near the measurement point.
The variation in target elevation was approximately 10 degrees and variation in measurement aspect angle



could be plus or minus 5 degrees due to variations in the targets heading which caused it to missthe
crossover point. Due to both equipment and time limitations, on occasion no backgrounds were taken for a
run. In these instances, a background from another run was employed.

TARGET AND BACKGROUND SPECTRA

400
hackg,mund a=1.5
=1
300 + / \ t:i'get
=
E 200 | «f
=
100 -
D T u T t } + } :
1 2 3 4 ] 6
microns anclassified
Figure 8
Actual Error and Estimate From Eqn’ 13
1.5
1 \x.\
~Frror
o T st
5 0.5 el
L - e
i - :
= \ B
v G . @
-1 s \ ) _ =0
b/
-1.5 Y
-2
-3 -2 -1 0 1 2 &
: ¥
Figure 9 unclassified




Actual and Estimated { eqn' 11) Target

microns
Figure 10 unclassified

Contrast Intensity W/sr

300 -

Spectral Contrast

) v I ———— | }ﬁ e

PR =

2 3 4 5 B

microns
_ unclassified
Figure 11a




Spectral Contrast
40 Actual
E ;ﬁ;. i
20 + ! LB oL orrected
2 T AR e
‘ 0 e s ] 5 ".-f-j.}
= o B T g
= o VR o e Ry
E - o 1'“;“[ . H 4 \t':"
E A e s lﬁf i ,f s
S o ' V \
60 : : | : | : :
25 3 25 4 45 5 55
microns
i diby e

Figure 12 displays the measured spectra reduced to provide target estimates both with a correction
for background variation and with no correction for background variation. The datais the result of
integrating the resulting spectrum over the 3.8 to 4.7 micron band and plotting the result versus target
aspect angle. The 110 degree aspect has both corrected and uncorrected data points since both estimates
agreed at this aspect angle. Shown on the figure also is the results from a simple model of the aircraft asa
function of aspect angle. The model was generated for a constant el evation angle while measurements were
performed over arange of elevation angles as described earlier. Data shown is primarily for crossing runs
dueto difficulty in tracking such a small target on inbound and outbound trajectories.

We certainly cannot claim that the integrated intensity shown for the case where background
variation has been corrected is superior to the uncorrected case because it agrees with an apriori model. It
can be taken as an indication however that background variation can cause extreme deviation in resulting
integrated spectral intensity ( the dataat 72 degrees actually is negative for the uncorrected case ). We can

state, that the corrected integrated values appear closer to what we expect, and that is often the final and
only feedback when reporting measured spectal datatakenin thefield.
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Conclusion

We have discussed the measurement of target and background spectrain field conditions and
reviewed errors caused by the introduction of background variations. A simple technique has been
introduced which corrects a portion of the background noise errors. The technique relies on estimating the
amount of background obstruction and the ability to form an accurate estimate of the spectral shape of the
background variation between the background in target field of view and that in the background-only
measurement. Estimates of both the apparent target and contrast functions are obtained which are less
susceptible to background variation errors. An example is provided to demonstrate the degree of correction
which can be obtained in reducing background noise errors.
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LIST OF FIGURES

Figure 1. Diagram of spectral background subtraction for optically thick and optically thin objects.

Figure 2 Typical spatial response pattern of a Fourier Transform Spectrometer showing azimuth and
elevation variation of the spectral response of the instrument.

Figure 3. Measured sky background with reflected solar radiation at 2.0 to 2.5 m This measurement was
takeninthefall at YumaAZ.

Figure 4. Calculated path radiance for awinter desert atmosphere over a 3.5 km path length. Solar effects
were not included in the calculation. Note the similarity between this figure and figure 3.

Figure 5. Photograph of an actual target showing the background associated with the target and one which
would typically be considered a background field of view.

Figure 6. Measured variation between several spectrataken 30 degrees apart in azimuth at 2 degrees
elevation of blue sky. The variation within one azimuth location is shown also for comparison.

Figure 7. Measured variation between several spectrataken 2.5 degrees apart in elevation in blue sky.
Variation within the lower elevation angleis also shown.

Figure 8. Spectra representative of measured target and background showing target obstruction and
background variation.

e
Figure 9, Actual mean square error and curve ﬂ— . The value chosen for gfor thisexamplewas 1.3.

fig

Figure 10. Estimated target spectrum (equation 11) and actual (equation 15) with the value of gfoundin
figure 9.

Figure 11. Normal spectral contrast function (equation 5), corrected spectral contrast estimate (equation 12),
and actual spectral contrast functions. The value of gwas that found in figure 9.

Figure 12. Comparison of measured integrated spectral radiant intensity for asmall model aircraft, and,
similar data generated from asimple model. Datais shown for integrated spectra which have been corrected
for background variation, and, for which no correction has been made.



Appendix A

e
The use of ﬂ— = 0 to find the proper coefficient of the prototype correction is supported by two

facts shown previously; the error curve isarelatively flat function of gas shownin Figure 9, and, as shown
in the example when spectra are given in units of intensity ( W/sr ) agood choice of the correction scale can

e
be found in the vicinity of :TI— = 0. Thefollowing discussion is meant to show why this choiceisa
workable solution, rather than present an in-depth validation of the metric.

The choice of correction is meant to minimize the mean square error between the actual target
spectra and the estimate, or equivalently the mean square error between the background noise and the scale
corrected prototype in as much as possible. Thus minimizing the function

Al Le- Prd

would be minimized by the proper choice of the constant ggiven the prototype P and the background noise
e. Thusif the background noise were deterministically known ( of courseif it were deterministically known
the measured data could be simply corrected without regard to prototypes)

afamiliar result. If we rewrite equation 13 in terms of target ( T ), prototype ( P), and, background noise (e)
spectra,
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A3 e(g) =

then #—e = 0 would imply
A4
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which has solutions
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where terms such asep are the products of the two spectral functions integrated over wavelength

ep= A1 )P )d



and similarly for the other terms. Analysis of A5 shows the right hand solution is closeto what is desired
form A2. There are deviations for target strength, for weak targets the solution is close, for strong targets
the solution istoo small. It must be remembered that for intense targets, the effects of background variation
isless problematic than weak targets. A useful practical techniqueisto use the solution as calculated from
A5 and perturb it with asmall positive value until the final target spectrum satisfies the positivity constraint.

The correction for target strength must be monitored by looking at the resulting target spectrumin
aregion whereit is known to be non-zero. Solar effects must be avoided since this technique does not
correct for solar scattering variation effectively. Thus the spectrum must be monitored above approximately
2.5 microns. We employ theregion 4.2 to 5 microns. In the event the resulting target spectrum is negativein
thisregion, we add a small value to gand reevaluate the target spectrum again ( we move the solution to the
right .02 each iteration ). This process continue until the resulting target spectrum is non-zero in this region.
This process of moving the solution to the right by a small increment is allowed because it is known the
target spectrum is constrained to be positive and any reduction technique must produce results which are
within this constraint. The exception is below approximately 2.5 microns since occasionally target spectawill
show negative numbers due to solar effects in background subtraction. The process of constraining the
target spectrum to be non-negative in a particular region can allow the noise prototype to have undue
influenceif the target strength is very weak ( integrated values of <.1 W/sr in the mid infrared band ) for
typical noise prototypes. In this case, the target spectral shape will mirror the noise prototype and at such a
point correction for background variation cannot produce a non-zero target spectrawith areliably accurate
spectral shape.



